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1.0 INTRODUCTION / EXECUTIVE SUMMARY 
 
Water modeling is becoming an increasingly important part of hydraulic engineering.  
One application of hydraulic modeling is pipe network analysis.  Using programmed 
algorithms to repeatedly solve continuity and energy equations, computer software can 
greatly reduce the amount of time required to analyze a closed conduit system.  Such 
hydraulic models can become a valuable tool for cities to maintain their water systems 
and plan for future growth.  The Utah Division of Drinking Water regulations require 
cities to maintain hydraulic models of their culinary water systems, and before 
additional connections can be made to the water system, a licensed professional 
engineer must model the additions to water system and determine if the additional 
connections can be made without negatively impacting the existing system.  This is 
known as the Hydraulic Modeling Rule, or R309-511 in the State Administrative Code. 
 
The State of Utah has set the minimum pressure and flow requirements a culinary water 
system must meet.  Before cities can qualify for state or federal funding to complete 
water system improvement projects, they must first demonstrate through a hydraulic 
model that they are providing the required minimum flows and pressures for all the 
service connections within the system, or that their improvement project will remediate 
any deficiencies to comply with the State’s pressure and flow requirements. 
  
The purpose of this study is to analyze an existing culinary water system and determine 
several important items: 
1. Identify any deficiencies that exist and determine what repairs should be made 
to ensure that the system can provide the required flow and pressure. 
2. Using growth projections from the State Governor’s office and the City’s 
planning and zoning maps, estimate where and when future growth will occur. 
3. Using these growth projections, analyze the water system and determine the 
capacity of the water source, storage, and distribution system.  Once the 
capacity is determined, decisions can be made as to when aspects of the water 
system should be further developed, upsized, or replaced. 
 
The water system selected for this analysis was Millville City, a small town located in 
Northern Utah.  A brief description of the culinary water system is given below.  
 
1.1 Existing System Description: 
 
The existing water system is divided into an upper and lower pressure zone.  
These two zones are connected by a pressure reducing valve (PRV) which only 
allows water to flow from the upper to lower zone in the event of a large 
water demand such as a fire flow in the lower zone.  The system is fed by 
three sources: the Glen Ridge Well, the Park Well, and Garr Spring.  These 
sources are allowed to produce a total flow of 972 gpm in the summer season 
and 1,333 gpm in the winter season according to the approved water right 
applications.  In addition to the three sources, there are three storage 
2 
 
reservoirs.  The Glen Ridge Tank has a 1 million gallon (MG) capacity.  The Park 
Tank has a 300,000 gallon capacity.  The Upper Tank has a 1 MG capacity.   
 
The culinary water system consists of approximately 82,060 feet of pipe.  The 
types of pipes installed based on city records are P.V.C., Ductile Iron, and 
Galvanized Steel.  These pipes are shown in Figure 3.1, and listed in Table 2.1. 
 
  
 
1.2 Proposed & Projected Additions and Improvements to the System:   
 
The future scenarios modeled include projected expansion of the City.  These 
projected developments were made using the future land use map for 
Millville City.  The majority of the additions are assumed to be residential lots.   
 
There are three main improvements needed to remediate existing deficiencies 
within the system.  The first is a low pressure area located along Center Street 
from 180 East to 250 East during a fire flow condition.  This deficiency is 
planned to be resolved by replacing 1260’ of 4” pipe with 8” along Center 
Street, and installing 580’ of 8” pipe along 200 East (future road).  See Figure 
1.1 for the location of this improvement. 
 
Figure 1.1: Proposed 8” line installation on 200 East from Center St. to 100 North 
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As seen on the previous page, Figure 1.1 shows the location of the proposed 
8” line to provide better fire flow protection to the homes on the east end of 
Center Street.  This solution for the low pressure area is preferred since the 
city already owns some property and has a right of way along this corridor for 
the future 200 East roadway.  
  
The second low pressure area is located at 700 North along Main Street.  This 
deficiency may to be remediated by installing 1700’ of 8” pipe along 100 West 
from 550 North to 750 North, creating a loop to in the system.  See Figure 1.2 
for the location of this improvement. 
 
Figure 1.2: Proposed 8” line installation on 100 West from 550 North to 750 north 
 
As seen above, Figure 1.2 shows the location of a proposed 8” line creating a 
loop to provide sufficient fire flow at the hydrant located at 750 North on 
Main Street.  The final location of this pipe will be determined as development 
occurs in this area of Millville. 
 
The third low pressure area is located on the corner of 550 East and 300 
South.  This deficiency is planned to be remediated by connecting the three 
homes on the corner to the upper pressure zone.  See Figure 1.3 for the 
location of this improvement.  
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Figure 1.3: Proposed 10” line installation along 300 South 
This improvement with a proposed 10” line from the upper pressure zone will 
eliminate the low pressure area located on the corner of 300 South and 550 
East.  It may also be used to pressurize a future irrigation system at the city 
park. 
 
Where sufficient data is available, the equivalent residential connection (ERC) 
or how much water an average household uses; is determined by analyzing 
the water use records over an extended period of time.  High volume water 
users are removed from the data set, and an average water usage is 
determined in gallons per day.  All connections to the water system are then 
referred to by the number of ERCs they represent.  For example, a commercial 
business using a large amount of water may be said to be 4 ERCs, or use the 
equivalent amount of water of four average households.   
 
Based on current water use data, the total culinary water demand during a 24 
hour period in the summer is 1,042,000 gallons.  This is commonly referred to 
as a peak day demand.  The springs and wells combined currently provide 
1,490,400 gallons during a 24 hour peak day period.  Assuming the same 
demands and household size for future estimates, the water system can 
support an additional 178 equivalent residential connections (ERCs) before 
reaching capacity.   
 
Continuing at a growth rate of 3.5% (Governor’s Office of Planning and Budget 
–2008 Utah Baseline), this will take approximately 8 years to reach. 
  
The City is divided into an upper pressure zone and a lower pressure zone.  
The upper pressure zone has a 1 MG reservoir.  The required storage based on 
the existing connections and 100% peak day emergency storage is 698,300 
gallons.  Based on existing water use records, there is capacity to support an 
additional 83 ERCs.  Continuing at a growth rate of 3.5% this will take 
approximately 10 years to reach. 
 
The lower pressure zone has a 1.0 MG reservoir and a 300,000 gallon 
reservoir.  The required storage based on the existing connections and fire 
flow is 1,212,000 gallons.  These storage calculations assume that when there 
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is a fire in the lower pressure zone, the upper tank fire flow storage will be 
utilized since the increased demands will activate the PRV, allowing water 
from the upper zone to flow into the lower pressure zone.  Based on existing 
water use records, an additional 189 ERCs can be made in the lower zone 
before reaching the capacity of 543 ERCs.  Continuing at a growth rate of 
3.5%, this will take approximately 12 years to reach. 
 
The booster station within the system currently provides approximately 600 
gpm to the upper pressure zone.  It typically runs 18 hours per day during 
peak day demand.  Approximately 193 ERCs are fed by this booster pump.  
Based on current water use records, this pump can serve approximately 139 
additional ERCs before reaching capacity.  At a growth rate of 3.5%, this will 
take roughly 15 years. 
 
 Figure 1.4: Booster Station, interior view 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Table 1.1: Summary of System Capacities 
Summary of System Capacities 
Item 
Max number of ERCs 
that can be served 
Existing 
ERCs 
Future ERCs 
Storage 
Capacity 
Source 725 (Entire System) 547 178  
Upper Zone 
Storage 
276 (Upper Zone Only) 193 83 1.0 MG 
Lower Zone 
Storage 
543 (Lower Zone Only) 354 189 1.3 MG 
Booster Pump 332 (Upper Zone Only) 193 139  
 
One item to note is the difference between the storage volume of the upper and lower 
zones and the number of ERC’s that can be served by those reservoirs.  The upper zone 
has 77% of the storage volume of the lower, yet it can only support 50% of the ERCs of 
the lower zone.  This is due to the absence of irrigation or secondary water in the upper 
zone.  This creates a large impact on the upper zone of the water system. 
6 
 
 
2.0 SOURCES AND FACILTIES  
 
2.1 Sources:  
 
When analyzing any water system, it is critical to understand the sources 
supplying water to the system.  Without adequate source, even the best 
designed water systems will fail to deliver the required flow to water users.  
Millville City has three sources for the culinary water system, and one source 
used for cemetery irrigation.  The first is Garr Spring, which has four water 
right numbers.  The second is the Glen Ridge Well and the third is the Park 
Well.  The rights for the two wells are combined under one water right 
number.  Skinner Spring water is leased to the cemetery district for irrigation. 
 
Table 2.1: Water sources and associated right number 
Source 
Water Right 
Number 
Dates Flow (cfs) 
Minimum 
Reliable 
Flow (cfs) 
Status 
Garr Spring 25-3069 
From Oct. 1 to 
March 31 
0.22 2 Approved 
Garr Spring 25-5170 
From Oct. 1 to 
March 31 
0.45 2 Approved 
Garr Spring 25-8394 
From Oct. 1 to 
March 31 
0.30 2 Approved 
Garr Spring 
 
25-3510 
From April 1 to 
Sept. 30 
0.167 2 Approved 
Park and 
Glenridge Wells 
25-5171 Year Round 2 - Approved 
Cache Valley 
Ranches 
25-10407 Year Round 
40 Ac-ft per 
year 
- Approved 
Skinner Spring 25-8105 
April 1 to Oct. 
31 
15.6 Ac-ft 
per year 
24 Ac-ft 
per year 
Diligence 
Claim 
 
Table 2.1 shows the peak supply during the summer months being 
approximately 2.167 cfs, or 1.4 million gallons per day.  Plus an additional 55.6 
acre ft. to be used as needed.  This is approximately 400,000 gallons per day 
more than the existing peak day demand.   
 
As Millville continues to grow, future potential sources include: 
 Utilizing Garr Spring as shares are acquired through development 
 Increasing capacity of the Park Well 
 Implementing Aquifer Storage and Recovery (ASR).   
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2.2 Storage Facilities:  
 
     The water system consists of three storage tanks as listed below: 
 
Table 2.2: Storage Facilities 
Tank Name Type of Material Diameter (ft) Depth (ft) 
Total Volume 
(gal) 
Glen Ridge Tank Concrete 100 17 1,000,000 
Park Tank Concrete 58 15 300,000 
Upper Tank Concrete 92 18.5 1,000,000 
Tank Name 
Elevation of 
Overflow (ft) 
Lowest level of 
equalization 
volume 
Outlet Elevation (ft) 
Glen Ridge Tank 4784.42 4767.42 4768.42 
Park Tank 4784.24 4769.24 4770.24 
Upper Tank 4962.50 4944.00 4943.50 
 
Table 2.2 shows the storage capacity of the three reservoirs within the 
system.  The city is currently divided into an upper and lower pressure zone.  
The Upper Tank feeds the upper pressure zone, and the Glen Ridge and Park 
Tanks feed the lower pressure zone.  The upper pressure zone has an existing 
storage capacity of 1.0 MG.  The lower pressure zone has an existing storage 
capacity of 1.3 MG. 
 
 
Figure 2.1: Upper Tank During Construction 
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2.3 Booster Stations:  
 
Millville City has one booster station which supplies 600 gpm to the Upper 
Zone.  This booster pump is fed by the Park Tank and the lower pressure zone 
sources including Garr Spring, the Park Well and Glen Ridge Well. 
 
 
Figure 2.2: Booster Station, exterior view 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.4 Distribution System:  
 
The Millville City Water System consists of the following distribution pipes:  
 
Table 2.3: List of pipes by diameter and HW Coefficient used for modeling 
Diameter (in) Type Length (ft) 
HW Coefficient 
Used for 
Modeling 
1.5 Galvanized Steel  600 120 
2 Galvanized Steel 150 120 
2 P.V.C 150 130 
4 Ductile Iron 8,900 130 
6 Ductile Iron 22,160 130 
8 Ductile Iron 25,435 130 
8 P.V.C 1,065 130 
10 Ductile Iron 16,350 130 
10 P.V.C 1,150 130 
12 Ductile Iron 4,700 130 
12 P.V.C 1,400 130 
Total  82,060  
See Figure 3.1 for the location and diameter of these pipes. 
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3.0 EXISTING AND FUTURE CONNECTIONS  
 
3.1 Service Area  
 
The current water system serves approximately 700 acres with 547 
connections within the Millville City boundaries (See Figure 3.1 for a view of 
the city zoning and existing service area).  Most of these connections are to 
residential lots.  There are some small businesses within Millville including 
auto body, and manufacturing.  At the projected growth rate of 3.5%, it is 
estimated that in 40 years, the number of connections will rise to 2,212.  As 
new developments or growth come to Millville, the hydraulic model will be 
updated and output observed to ensure that water delivery requirements are 
met according to State Rules.  The development or new connection(s) will not 
be approved until such time that required parameters are met for the 
situation.
10 
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Figures 3.1 and 3.2 show the existing and future distribution systems with the current zoning 
map. 
 
3.2 ERC Evaluation:  
 
Where sufficient data is available, the equivalent residential connection (ERC) 
or how much water an average household uses; is determined by analyzing 
the water use records over an extended period of time.  High volume water 
users are removed from the data set, and an average water usage is 
determined in gallons per day.  All connections to the water system are then 
referred to by the number of ERCs they represent.  For example, a commercial 
business using a large amount of water may be said to be 4 ERCs, or use the 
equivalent amount of water of four average households.   
 
The Millville City Water System currently serves 547 connections.  Of those 
547 connections, 265 irrigate with culinary water.   
 
Of the existing connections, there are only a few high volume water users.  
They account for 19.9 of the ERCs.  The low volume water users such as the 
post office were conservatively assumed to require a full ERC.  Table 3.1 
shows a list of customers and their associated ERCs. The total number of ERCs 
served by the water system is 561. 
 
Table 3.1: List of High Volume Water Users and their associated ERCs 
Name ERCs 
Elementary School 1.45 
LDS Church 7.74 
Silicone Plastics 1.37 
Residential Connection 3.27 
Residential Connection 3.17 
Residential Connection 2.94 
 
The future scenario was also analyzed to estimate the number of ERCs that 
will likely be added to the city, and the estimated times at which the 
connections will occur.  Presently, there are approximately 75 residential lots 
that the city has committed to serve, but have not yet physically connected to 
the infrastructure.  These connections are assumed to each be one ERC.   
 
In the more distant future, a 40 year period was analyzed to assess the 
impacts future connections will have on the existing water system.  With an 
annual growth rate of 3.5%, the total number of connections in 40 years 
would be 2,212.  The demands for future growth areas were calculated using 
R309-510, assuming a density of 3 connections per acre. 
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3.3 Growth Management Alternatives:  
 
As development occurs in Millville, extensions of system distribution lines are 
required to be installed by the developer.  These lines are required to be 
installed to Millville City Standards.  Developers are also required to bring 
water rights or shares to the City per ordinance.  This allows for sustainability 
of water into the future.  Where impacts from development are found in the 
water system, impact fees are collected by the City to improve storage, source 
and distribution lines to meet the requirements of the City and R309. 
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4.0 WATER DEMAND CRITERIA 
 
4.1 Indoor Water Use Demand:   
 
Water audit records from 2003 to 2009 were used to determine the water 
consumption for Millville.  The records indicate that the peak summer day 
indoor water use is approximately 160 gpd per capita. This compares with 220 
gpd per capita using calculations from R309.  With an average of 3.6 people 
per residential connection, an indoor demand of 160 x 3.6 = 576 gpd or 0.4 
gpm.  A factor of two was applied to the peak day demand to arrive at a peak 
instantaneous demand of 0.8 gpm.  The peak instantaneous demand is used 
to size the distribution system.     
 
Indoor demand was simulated in the model in groups of users.  These groups 
are in a geographically similar location with common water usage.  These 
groups are called demand regions.  All of the water demand from the users in 
the group are added together and used to represent demand on the water 
system from the demand region.   
 
4.2 Outdoor Water Use Demand:   
 
The water audit records indicate that Millville residents use 532 gpd per capita 
of culinary water for irrigation use.  With an average of 3.6 people per 
residential connection, an outdoor peak day demand is 532 x 3.6 = 1915.2 gpd 
or 1.33 gpm per ERC.   An average lot size of 1/3 acre per ERC was assumed 
for the water model.  This results in a peak day irrigation demand of 4 
gpm/acre.  In comparison R309 calculations show a peak day demand of 3.96 
gpm per irrigated acre for zone 4 on the “Irrigated Crop Consumptive Use 
Zones and Normal Annual Effective Precipitation” map for Utah as prepared 
by the Soil Conservation Service.  This map is available through the Utah 
Division of Drinking Water.  The peak instantaneous demand was then 
determined by applying a factor of two to the peak day demand.  The result is 
a peak instantaneous demand of 2.66 gpm per ERC.   
 
The same demand regions used for indoor demand are also used for outdoor 
demand.  Again, the outdoor demand for the demand region is summed and 
applied together for each region to be used in the model. 
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4.3 Fire Flow Requirements:    
 
Fire flows were applied to the water system under the direction of the local 
fire authority (Cardell Nielsen (435) 245-6476, 40 N 100 W Hyrum, UT), and in 
accordance with the International Fire Code and R-309.  Fire hydrants exist 
within the Millville Water System and the majority were tested at 1000 gpm in 
the hydraulic model, noting the residual pressures.   
 
Figure 4.1: Fire hydrant installation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Some structures in Millville required a higher fire flow based upon current 
codes.  The largest of these structures was Millville Elementary.  Based on the 
construction type and square footage of the structure, the required flow for 
this building applied to the model is 4,250 gpm for a duration of 4 hours.   
 
4.4 Other Demand:    
 
There are no significant industrial or other types of water users in Millville City 
at this time.  However, if a significant user were to develop in the community, 
the demands would be input into the water model for evaluation and impact 
on the water system. 
 
4.5 Demand Versus Existing and/or Proposed Capacities    
 
The requirements in R-309-510-4 were used to compare demands and 
capacities with regard to the source, storage, and distribution system. 
 
Based on current water use data, the total culinary water demand during a 24 
hour period is 1,042,000 gallons.   The springs and wells combined currently 
provide 1,490,400 gallons during a 24 hour peak day period.  Assuming the 
same demands and household size for future estimates, the water system can 
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support an additional 178 ERCs before reaching capacity.  At a growth rate of 
3.5%, this will take approximately 8 years to reach. 
  
The City is divided into an upper pressure zone and a lower pressure zone.  
The upper pressure zone has a 1 MG reservoir.  The required storage based on 
the existing connections and 100% peak day emergency storage is 698,300 
gallons.  Based on existing water use records, There is capacity to support an 
additional 231 ERCs.  Continuing at a growth rate of 3.5% this will take 
approximately 10 years to reach. 
 
The lower pressure zone has a 1.0 MG reservoir and a 300,000 gallon 
reservoir.  The required storage based on the existing connections and fire 
flow is 1,212,000 gallons.  These storage calculations assume that when there 
is a fire in the lower pressure zone, the upper tank fire flow storage will be 
utilized since the increased demands will activate the PRV, allowing water 
from the upper zone to flow into the lower pressure zone.  Based on existing 
water use records, an additional 189 ERCs can be made in the lower zone 
before reaching the capacity of 543 ERCs.  Continuing at a growth rate of 
3.5%, this will take approximately 12 years to reach. 
 
The booster station within the system currently provides approximately 600 
gpm to the upper pressure zone.  It typically runs 18 hours per day during 
peak day demand.  Approximately 193 ERCs are fed by this booster pump.  
Based on current water use records, this pump can serve approximately 139 
additional ERCs before reaching capacity.  At a growth rate of 3.5%, this will 
take roughly 15 years. 
  
The distribution system was tested for minimum pressure requirements as 
defined in R309-105-9 under a peak instantaneous demand.  The results of 
these tests are explained in section 5.4 of the report. 
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5.0 METHODOLOGY AND ANALYSIS  
 
5.1 Hydraulic Model Used:  
  
When creating a hydraulic model of a pressurized pipe network, a decision has 
to be made regarding the complexity of the model needed.  When the system 
being modeled does not have a combination of pressure boosting station and 
pressure reducing valves, an instantaneous model is developed.  This consists 
of a “snapshot” of the demands on a model in a static scenario. 
  
Due to the significant fire suppression demand created by the Millville 
Elementary School, an extended period simulation is deemed necessary to 
assess the impact the demand will have on the distribution system as well as 
the storage facilities.  This extended period model was created using 
computer software known as InfoWATER (MWHSoft).  InfoWATER uses 
programmed algorithms to repeatedly solve the continuity and energy 
equations to determine the flow and residual pressures at specific nodes in 
the pipe network.  The Hazen-Williams equation is used to calculate the 
friction losses in the pipes.  Typical time patterns (Figures 5.1 and 5.2) were 
applied to the indoor and outdoor demands on the system to simulate the 
fluctuations in demand commonly seen on culinary water systems.  This 
simulation was run over a one week period in order to allow the model to 
stabilize and show routine operation.  The significant fire flow demand 
created by the elementary school was applied over a four hour period, with 
peak day demands applied on the rest of the system. 
 
5.2 Hydraulic Model Input:  
  
Using the 2006 HRO aerial images from the Utah GIS Portal, connections were 
identified visually.  Then using the water audit records, average daily demands 
were calculated and applied to the identified connections.   Using the water 
system as built plans from the city, pipes were drawn into the model with 
their associated diameters and friction coefficients.  A list of the pipe lengths 
by diameter is shown below: 
18 
 
   Table 5.1: List of pipes by diameter and HW Coefficient used for modeling 
Diameter (in) Type Length (ft) HW Coefficient 
Used for Modeling 
1.5 Galvanized Steel  600 120 
2 Galvanized Steel 150 120 
2 P.V.C 150 130 
4 Ductile Iron 8,900 130 
6 Ductile Iron 22,160 130 
8 Ductile Iron 25,435 130 
8 P.V.C 1,065 130 
10 Ductile Iron 16,350 130 
10 P.V.C 1,150 130 
12 Ductile Iron 4,700 130 
12 P.V.C 1,400 130 
Total  82,060  
 
 
Table 5.1 shows the different pipe sizes with their associated lengths and 
material types, as well as the Hazen Williams Coefficient used for the model. 
 
Demand regions were added to the model with a demand node in each 
region.  Elevations for the demand regions in the model were obtained from a 
Digital Elevation Model (DEM) file from the Utah GIS Portal.  Elevations for the 
tanks and PRV were determined from surveyed measurements. 
 
For the existing scenarios, the number of ERCs within the demand regions 
were summed and applied to their respective regions.  For the future 
scenarios, the demands were calculated by determining the projected growth 
within the next ten years and estimating where this development is most 
likely to occur.  These additional ERCs were then evenly distributed over their 
respective areas.  The build out scenario was also modeled using future land 
use planning maps.   Since build out for the City is far into the future, a brief 
review of the system needs was made. 
 
A detailed description of the scenarios modeled is included in section 5.4. 
 
5.3 Field Calibration Methodology:  
 
Field calibration was performed by flowing six fire hydrants within the city.  
The selected test hydrants were first tested for static pressure.  The static 
pressure is then taken on an adjacent hydrant.  The test hydrant is then 
opened to full flow and the residual pressure is observed on the adjacent 
hydrant.  A pitot gauge is used to measure the pressure in the flowing hydrant 
to calculate the flow.  These flows are then applied to their corresponding 
locations in the model and the static and residual pressures are compared to 
ensure that the model is calibrated to what actually happens in the field.  The 
calibration results are shown below in Tables 5.2 and 5.3. 
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Table 5.2: Field calibration results - Test Hydrant 
Test 
# Date Time 
Description of test 
hydrant 
Measured 
Static 
Pressure 
Model Static 
Pressure*  Δ 
Measured 
Residual 
Pressure 
Model 
Residual 
Pressure*  Δ 
1 6/22/2010 14:15 275 N. 350 E. 75 82 7 60 67 7 
2 6/22/2010 14:55 740 N. Main 78 75 -3 35 31 -4 
3 6/22/2010 15:15 145 E. 100 N. 130 129 -1 100 103 3 
4 6/22/2010 15:30 Center 180 E. 58 53 -5 40 40 0 
5 6/22/2010 15:45 300 N. 100 W. 88 84 -4 60 68 8 
6 6/22/2010 16:00 265 W. 200 S. 104 101 -3 50 68 18 
 
Table 5.3: Field calibration results -  Adjacent Hydrant 
Test # 
Description of 
adjacent hydrant 
Measured 
Static 
Pressure 
Model 
Static 
Pressure*  Δ 
Measured 
Residual 
Pressure 
Model 
Residual 
Pressure*  Δ 
1 350 N. 350 E. 79 77 -2 62.5 63 0.5 
2 650 N. Main 75 73 -2 44 42 -2 
3 250 E. 100 N. 128 117 -11 102 97 -5 
4 Center 100 E. 64 62 -2 62 60 -2 
5 300 N. Main 75 71 -4 72 69 -3 
6 100 W. 200 S. 97 96 -1 95 91 -4 
*Model was calibrated in a steady state (constant demand) condition. 
  
Tables 5.2 and 5.3 show how well the computer model compares with what 
actually occurs in the field.  The “static pressure” columns show the pressure 
at the corresponding hydrants before the hydrants are opened.  The “residual 
pressure” columns show the pressure at the hydrants while the test hydrant is 
open.  The test hydrant is the hydrant that is actually opened, and the 
adjacent hydrant is a hydrant usually a block away where the pressures are 
observed before and during the flow test.  The “Δ” column shows the 
difference between the computer model and the field test results. 
 
With the exception of test number 6, all the model calibrations compared 
fairly well with what was seen in the field.  This outlier could be caused by an 
erroneous elevation at that location from the DEM file, or an unseen demand 
occurring on the system near the location of the test hydrant at the time the 
test was performed. 
 
5.4 Hydraulic Model Analysis:  
  
Since the water distribution system supplies water for indoor as well as 
outdoor use, an extended period simulation was used to account for these 
two different demands.  The time patterns used over a 24 hour period are 
shown below.  The peak of the demand pattern shown as “100%” corresponds 
to the peak instantaneous demand on the system.  Time “zero” in the pattern 
corresponds to midnight. 
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Figure 5.1: Indoor demand pattern 
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Figure 5.1 shows the peak indoor demands on the system occurring at 7-8:00 
a.m. with another spike corresponding to 6:00 p.m.  These peak times 
simulate the demands created by people getting ready, showering etc. in the 
morning, and preparing dinner, bathing children etc. in the evening.  
 
Figure 5.2: Outdoor demand pattern 
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Figure 5.2 shows the peak outdoor demands on the system occurring at 6-
7:00 a.m., with another spike occurring at 9:00 p.m.  These peak times 
simulate the actual demands created by people watering their lawns in the 
evening and early morning.  Millville City does not currently have real time 
flow measuring devices, so the time series curves represented above are 
estimates based on the demands typically seen on culinary water systems. 
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Both the indoor and outdoor demands were applied simultaneously over a 24 
hour period.  This pattern repeats itself over a 7 day period to give the model 
time to stabilize and observe the overall effects of the peak demands on the 
water system. 
 
The State of Utah requires the hydraulic model be analyzed under various 
scenarios to mimic the different lengths and intensities of demands placed on 
the water system.  For each scenario, there are minimum pressure 
requirements to be met.  A hydraulic analysis was performed for eight 
different scenarios, described below: 
 
1. Existing Peak Day Demand: A peaking factor of 2.0 was applied to the 
average day demand, then these demands were applied to the 
existing water system model.  Any problem areas where the pressure 
dropped below 40 psi were noted. 
 
2. Existing Peak Day Demand + Fire Flow: A peaking factor of 2.0 was 
applied to the average day demand, then these demands were 
applied to the existing water system.  At the same time, a fire flow of 
1000 gpm was applied at the critical junctions throughout the system 
(one at a time).  The residual pressures were noted, flagging any 
problem areas where the pressure dropped below 20 psi. 
 
3. Existing Peak Day Demand + Fire Flow at School: A peaking factor of 
2.0 was applied to the average day demand, then these demands 
were applied to the existing water system.  At the same time, a fire 
flow of 4,250 gpm was applied at the Millville Elementary School for a 
duration of 4 hours.  The residual pressures were noted, flagging any 
problem areas where the pressure dropped below 20 psi. 
 
4. Existing Peak Instantaneous Demand: A peaking factor of 2.0 was 
applied to the peak day demand to arrive at the peak instantaneous 
demand.  These demands were then applied to the existing water 
system.  The pressures were noted, flagging any problem areas where 
the pressure dropped below 30 psi. 
 
5. Future Peak Day Demand: A peaking factor of 2.0 was applied to the 
average future day demand, then these demands were applied to the 
future water system models.  Any problem areas where the pressure 
dropped below 40 psi were noted. 
 
6. Future Peak Day Demand + Fire Flow:  A peaking factor of 2.0 was 
applied to the average day demand, then these demands were 
applied to the future water system.  At the same time, a fire flow of 
1000 gpm was applied at the critical junctions throughout the future 
system (one at a time).  The residual pressures were noted, flagging 
any problem areas where the pressure dropped below 20 psi. 
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7. Future Peak Day Demand + Fire Flow at School:  A peaking factor of 2.0 
was applied to the average day demand, then these demands were 
applied to the future water system.  At the same time, a fire flow of 
4,250 gpm was applied at the Millville Elementary School for a 
duration of 4 hours.  The residual pressures were noted, flagging any 
problem areas where the pressure dropped below 20 psi. 
 
8. Future Peak Instantaneous Demand:  A peaking factor of 2.0 was 
applied to the peak day demand to arrive at the peak instantaneous 
demand.  These demands were then applied to the future water 
system model.  The pressures were noted, flagging any problem areas 
where the pressure dropped below 30 psi. 
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6.0 ANALYSIS RESULTS & CONCLUSION  
 
6.1 Hydraulic Model Results:  
 
A list of the results for the eight scenarios modeled is included below. 
 
1. Existing Peak Day Demand: The only concern under this scenario is the 
area on the corner of 300 S and 550 E.  The pressure drops to 25 psi.  
This problem will be remediated in the future by connecting this line 
to the upper pressure zone and installing a pressure reducing valve.  
At that time, the pressures under this scenario will all meet the 40 psi 
minimum.  See Figure 1.3 for the location of this planned 
improvement. 
 
2. Existing Peak Day Demand + Fire Flow: There are two main 
improvements needed to remediate existing deficiencies.  The first is 
a low pressure area located along Center Street from 180 East to 250 
East.  This deficiency is planned to be resolved by replacing 670’ of 4” 
pipe with 8” along center street, and installing 780’ of 8” pipe along 
200 East (future road) creating a loop in the system.  The second low 
pressure area is located at 700 North along Main Street.  This 
deficiency may be remediated by installing 1700’ of 8” pipe along 100 
West from 550 North to 750 North, creating a loop to in the system.  
See Figures 1.1 and 1.2 for the locations of these planned 
improvements. 
 
3. Existing Peak Day Demand + Fire Flow at School: There are no 
problems meeting the existing peak day demand and fire flow at the 
school (4250 gpm for 4 hours). 
 
4. Existing Peak Instantaneous Demand: The same problem under the 
existing peak day demand exists under this scenario.  The future 
improvements mentioned above will resolve this deficiency as well. 
 
5. Future Peak Day Demand: There are no problems meeting the peak 
day demand in the 10 year future or the build out scenarios once the 
above mentioned improvements are made.   
 
6. Future  Peak Day Demand + Fire Flow: There are no problems meeting 
the peak day demand + fire flow in the future ten year or build out 
scenarios once the above mentioned improvements are made. 
 
7. Future (10 Year) Peak Day Demand + Fire Flow at School:  There are no 
problems meeting the peak day demand + 4250 gpm fire flow at the 
school in the 10 year future scenario once the above mentioned 
improvements are made.  A build out scenario was not modeled for 
peak day demand + fire flow at the school since the probability is very 
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low that the same school building will still be in operation at the time 
the city reaches build out capacity. 
 
8. Future Peak Instantaneous Demand: There are no problems meeting 
the peak instantaneous demand in the 10 year future and build out 
scenarios once the above mentioned improvements are made. 
 
6.2 Comparison of Field Measurements and Model Results:  
 
Once the existing model was calibrated, it was analyzed with the help of the 
system operator Gary Larsen to ensure that the model accurately portrayed 
what was occurring in the water system.  See Tables 5.2 and 5.3 for a 
comparison of the results. 
 
6.3 Conclusion of Project Impact from Model Results:     
 
By following the list of proposed projects listed in this plan, the City will be 
able to service their citizens with adequate pressure and flow of water.  
Future developments will be evaluated for effects using this model so the 
system can maintain its high level of operation. 
 
6.4 Rule Compliance Conclusion     
 
With the designed improvements, all existing and new water users will be 
provided the quantity of water at pressures compliant with State rules (R309-
105-9 Administration: General Requirements of Public Water Systems – 
Minimum Water Pressure), in Millville City. 
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 Appendix A 
Existing Peak Day Demand Pressures 
NODE ELEVATION 
INDOOR 
DMD 
OUTDOOR 
DMD MIN_PRESS Comments 
105 4774 0 0 2 Not a service connection 
129 4752 0 0 12 Not a service connection 
97 4738 0 0 18 Not a service connection 
123 4735 4 6 19 Not a service connection 
95 4733 0 0 20 Not a service connection 
196 4732 0 0 20 Not a service connection 
88 4726 0 0 23 Not a service connection 
93 4724 2 4 24 
To be resolved by connecting 
to high pressure line 
89 4720 0 0 26 
To be resolved by connecting 
to high pressure line 
102 4709 2 0 30 Not a service connection 
85 4699 0 0 35 Not a service connection 
92 4690 0 0 39 Not a service connection 
112 4689 0 0 39 Not a service connection 
171 4687 2 0 40 
 58 4683 7 2 42 
 91 4683 0 0 42 
 60 4682 10 24 42 
 94 4677 0 0 44 
 121 4673 0 0 46 
 122 4670 0 0 47 
 101 4668 2 4 48 
 253 4665 0 0 50 
 254 4665 0 0 50 
 167 4663 4 8 50 
 199 4662 5 2 51 
 214 4662 0 0 51 
 118 4661 4 0 51 
 170 4661 0 0 51 
 116 4660 13 6 52 
 248 4660 0 0 52 
 104 4658 1 0 53 
 120 4656 0 0 53 
 144 4653 2 2 55 
 64 4652 3 21 55 
 42 4652 0 0 55 
 
 43 4652 7 2 55 
 90 4652 6 8 55 
 147 4651 0 0 56 
 63 4649 0 0 56 
 166 4649 0 0 56 
 213 4649 0 0 56 
 57 4649 7 10 56 
 45 4648 0 0 57 
 44 4646 6 2 58 
 46 4643 0 0 59 
 210 4643 0 0 59 
 47 4641 14 18 60 
 192 4641 1 0 60 
 48 4639 0 0 61 
 49 4636 7 10 62 
 56 4634 0 0 63 
 55 4632 7 12 64 
 135 4810 1 0 64 
 5 4630 2 0 65 
 6 4630 5 0 65 
 159 4622 2 4 68 
 8 4621 0 0 69 
 7 4620 4 0 69 
 11 4620 3 2 69 
 12 4620 0 0 69 
 13 4620 12 12 69 
 14 4620 14 8 69 
 51 4620 9 14 69 
 149 4620 0 0 69 
 212 4620 0 0 69 
 50 4620 0 0 69 
 9 4618 3 0 70 
 25 4617 12 14 70 
 162 4616 2 4 71 
 4 4615 0 0 71 
 1 4610 0 0 73 
 3 4610 0 0 73 
 28 4610 7 10 73 
 29 4610 0 0 73 
 30 4610 0 0 73 
 158 4609 0 0 74 
 
 31 4608 18 2 74 
 2 4605 1 2 76 
 81 4783 0 0 76 
 83 4783 2 4 76 
 32 4603 9 18 76 
 160 4603 0 0 76 
 54 4601 0 0 77 
 53 4600 6 16 78 
 157 4596 2 4 79 
 161 4596 0 0 79 
 133 4774 5 17 80 
 169 4772 2 4 80 
 200 4772 5 2 80 
 10 4593 3 0 81 
 38 4593 6 8 81 
 82 4771 1 2 81 
 151 4770 2 4 81 
 16 4590 6 2 82 
 19 4590 10 8 82 
 20 4590 0 0 82 
 15 4589 5 2 82 
 17 4587 0 0 83 
 23 4587 0 0 83 
 24 4587 5 4 83 
 21 4586 0 0 84 
 18 4583 0 0 85 
 27 4583 9 10 85 
 41 4581 11 24 86 
 33 4576 6 6 88 
 26 4570 2 4 90 
 22 4570 3 2 91 
 134 4748 5 17 91 
 128 4746 2 2 92 
 107 4745 5 4 93 
 138 4743 0 0 94 
 37 4563 9 16 94 
 39 4560 7 10 95 
 40 4557 2 0 96 
 35 4556 0 0 97 
 124 4735 2 0 97 
 34 4555 5 4 97 
 
 108 4731 0 0 98 
 156 4731 2 4 98 
 78 4730 2 17 99 
 36 4551 6 4 99 
 80 4727 4 10 100 
 98 4727 0 0 100 
 172 4727 1 0 100 
 125 4725 5 12 101 
 145 4725 0 0 101 
 193 4725 4 6 101 
 75 4723 0 0 102 
 137 4723 1 2 102 
 109 4722 0 0 102 
 79 4720 4 10 103 
 84 4719 6 14 103 
 73 4713 4 10 106 
 74 4712 2 6 106 
 136 4711 4 10 107 
 87 4710 0 0 107 
 132 4709 0 0 108 
 76 4708 4 10 108 
 77 4707 6 14 109 
 131 4707 2 2 109 
 155 4705 0 0 109 
 168 4704 6 14 110 
 165 4702 10 22 111 
 150 4700 0 0 112 
 201 4700 0 0 112 
 70 4695 0 0 114 
 111 4695 6 14 114 
 164 4693 0 0 115 
 72 4691 0 0 116 
 142 4690 8 18 116 
 68 4690 5 12 116 
 62 4690 5 12 116 
 71 4690 3 11 116 
 86 4690 9 18 116 
 67 4688 0 0 117 
 69 4685 3 8 118 
 202 4684 0 0 119 
 61 4682 0 0 119 
 
 114 4682 0 0 119 
 141 4682 0 0 119 
 139 4677 0 0 122 
 163 4676 5 12 122 
 59 4675 0 0 122 
 66 4672 3 8 124 
 65 4670 0 0 125 
 115 4665 6 14 127 
 154 4663 0 0 128 
 126 4662 0 0 128 
 117 4662 5 12 128 
 152 4661 0 0 128 
 143 4658 8 20 130 
 119 4658 0 0 130 
 153 4656 10 24 131 
 
 Appendix B 
Existing Peak Day Demand + Fireflow Pressures 
ID 
Total 
Demand 
(gpm) 
Critical 
Node 1 
ID 
Critical 
Node 1 
Pressure 
(psi) 
Critical 
Node 1 
Head 
(ft) 
Adjusted 
Fire-
Flow 
(gpm) 
Available 
Flow at 
Hydrant 
(gpm) Notes: 
60 1,003 60 -11,535 -22,050 65 65 No Hydrant here 
44 1,000 44 -4,834 -6,574 98 98 No Hydrant here 
88 1,001 88 -1,399 1,329 203 203 No Hydrant here 
50 1,000 50 -447 3,554 322 322 No Hydrant here 
18 1,001 18 -109 4,378 481 480 No Hydrant here 
20 1,002 20 -88 4,427 517 517 No Hydrant here 
52 1,002 52 -14 4,539 816 815 No Hydrant here 
J262 1,000 J262 -7 4,650 715 714 Future line to north will resolve 
12 1,001 12 -3 4,597 828 827 No Hydrant here 
10 1,000 10 -1 4,608 836 836 No Hydrant here 
14 1,000 18 0 4,630 818 899 No Hydrant here 
240 1,009 240 8 4,679 853 851 No Hydrant here 
16 1,000 20 14 4,662 931 1,001 No Hydrant here 
124 1,004 124 18 4,724 957 955 No Hydrant here 
J146 1,000 J146 19 4,775 773 758 No Hydrant here 
194 1,003 J146 19 4,776 828 974 No Hydrant here 
J96 1,001 J146 20 4,778 987 1,372 
 254 1,004 254 20 4,781 975 921 
 250 1,000 J146 20 4,779 1,126 1,400 
 252 1,000 254 20 4,782 1,419 1,431 
 198 1,000 254 21 4,782 1,656 2,212 
 188 1,006 254 21 4,782 1,637 1,612 
 J48 1,000 254 21 4,782 1,654 1,624 
 202 1,000 254 21 4,783 1,816 -906 
 212 1,001 254 21 4,783 1,799 4,032 
 J188 1,005 254 21 4,783 2,019 1,727 
 196 1,000 254 21 4,783 2,004 4,558 
 192 1,000 254 21 4,783 2,004 2,292 
 J12 1,000 254 21 4,783 2,123 -5,858 
 190 1,000 254 21 4,783 2,391 3,684 
 210 1,003 254 21 4,783 2,449 4,205 
 J252 1,000 254 21 4,783 2,737 4,540 
 J138 1,000 254 21 4,783 3,022 5,463 
 122 1,008 254 21 4,783 3,179 4,350 
 118 1,008 254 21 4,783 3,226 6,106 
 
 120 1,000 254 21 4,783 3,227 5,736 
 J72 1,002 254 21 4,783 3,265 5,557 
 J78 1,002 254 21 4,783 3,265 4,749 
 J70 1,000 254 21 4,783 3,302 4,954 
 J74 1,000 254 21 4,783 3,302 4,031 
 108 1,000 254 21 4,783 3,346 1,822 
 J76 1,000 254 21 4,783 3,332 3,700 
 J68 1,002 254 21 4,783 3,334 5,453 
 J94 1,000 254 21 4,783 3,401 3,580 
 216 1,000 254 21 4,783 3,444 3,687 
 116 1,000 254 21 4,783 3,421 6,925 
 114 1,009 254 21 4,783 3,444 6,965 
 110 1,010 254 21 4,783 3,625 6,152 
 104 1,000 254 21 4,783 3,834 6,101 
 106 1,008 254 21 4,783 3,880 6,602 
 90 1,015 254 21 4,783 3,892 4,920 
 84 1,006 254 21 4,783 3,961 5,353 
 86 1,008 254 21 4,783 3,980 2,610 
 72 1,012 254 21 4,783 4,103 6,658 
 218 1,000 254 21 4,783 3,404 -14,884 
 82 1,011 254 21 4,783 4,197 3,483 
 78 1,000 254 21 4,783 4,238 1,580 
 80 1,004 254 21 4,783 4,242 1,386 
 76 1,004 254 21 4,783 4,270 2,311 
 70 1,010 254 21 4,783 4,288 1,494 
 68 1,000 254 21 4,783 4,278 6,065 
 74 1,005 254 21 4,783 4,286 4,361 
 102 1,014 254 21 4,783 4,327 6,637 
 J264 1,000 254 21 4,783 4,359 1,213 
 J152 1,003 254 21 4,783 4,363 1,287 
 100 1,000 254 21 4,783 4,359 4,319 
 J174 1,000 254 21 4,783 4,359 2,865 
 J182 1,000 254 21 4,783 4,359 1,323 
 66 1,000 254 21 4,783 4,409 6,549 
 64 1,008 254 21 4,783 4,443 6,561 
 62 1,008 254 21 4,783 4,516 4,662 
 244 1,002 254 21 4,783 4,726 1,420 
 98 1,000 254 21 4,783 4,724 2,503 
 54 1,000 254 21 4,783 4,757 4,929 
 56 1,004 254 21 4,783 4,779 5,183 
 96 1,004 254 21 4,783 4,813 7,082 
 
 58 1,012 254 21 4,783 4,846 7,404 
 48 1,000 254 21 4,783 5,502 3,068 
 94 1,004 254 21 4,783 5,704 8,355 
 36 1,010 254 21 4,783 5,626 8,788 
 46 1,008 254 21 4,783 5,620 7,465 
 92 1,000 254 21 4,783 5,968 4,881 
 42 1,000 254 21 4,783 6,357 2,293 
 40 1,004 254 21 4,783 6,403 2,739 
 232 1,000 254 21 4,783 7,002 2,514 
 128 1,014 254 21 4,783 7,017 7,102 
 34 1,011 254 21 4,783 6,413 7,188 
 178 1,000 254 21 4,783 8,076 6,293 
 38 1,003 254 21 4,783 6,743 2,208 
 32 1,000 254 21 4,783 6,985 5,717 
 J52 1,000 254 21 4,783 7,027 5,509 
 26 1,002 254 21 4,783 7,241 4,715 
 28 1,002 254 21 4,783 7,302 1,620 
 24 1,000 254 21 4,783 7,300 3,700 
 J178 1,000 254 21 4,783 7,308 1,605 
 22 1,002 254 21 4,783 7,310 3,682 
 184 1,000 254 21 4,783 10,225 3,655 
 30 1,002 254 21 4,783 7,418 4,876 
 J180 1,000 254 21 4,783 7,539 3,449 
 J86 1,000 254 21 4,783 7,745 4,059 
 J42 1,002 254 21 4,783 7,747 3,724 
 134 1,000 254 21 4,783 7,906 4,640 
 136 1,010 254 21 4,783 7,916 3,406 
 248 1,000 254 21 4,783 8,010 4,495 
 186 1,000 254 21 4,783 13,561 6,090 
 J54 1,000 254 21 4,783 
 
2,422 
 J60 1,014 254 21 4,783 
 
2,554 
 J62 1,000 254 21 4,783 
 
2,678 
 J84 1,013 254 21 4,783 
 
2,363 
 130 1,000 254 21 4,783 
 
3,154 
 142 1,000 254 21 4,783 
 
2,773 
 J58 1,000 254 21 4,783 
 
2,632 
 J40 1,012 254 21 4,783 
 
2,597 
 J38 1,011 254 21 4,783 
 
2,660 
 238 1,008 254 21 4,783 
 
1,059 
 168 1,006 254 21 4,783 
 
2,875 
 J32 1,000 254 21 4,783 
 
2,780 
 
 144 1,007 254 21 4,783 
 
2,955 
 J26 1,006 254 21 4,783 
 
2,970 
 182 1,000 254 21 4,783 
 
3,138 
 226 1,000 254 21 4,783 
 
2,903 
 J156 1,000 254 21 4,783 
 
2,444 
 J158 1,000 254 21 4,783 
 
2,509 
 156 1,004 254 21 4,783 
 
2,576 
 J154 1,003 254 21 4,783 
 
2,463 
 J140 1,004 254 21 4,783 
 
5,498 
 260 1,007 254 21 4,783 
 
2,901 
 J16 1,002 254 21 4,783 
 
3,312 
 154 1,006 254 21 4,783 
 
2,125 
 160 1,006 254 21 4,783 
 
2,987 
 J18 1,000 254 21 4,783 
 
3,284 
 162 1,008 254 21 4,783 
 
3,021 
 152 1,000 254 21 4,783 
 
3,117 
 150 1,006 254 21 4,783 
 
3,127 
 J20 1,009 254 21 4,783 
 
2,878 
 J22 1,009 254 21 4,783 
 
3,611 
 J24 1,000 254 21 4,783 
 
3,638 
 148 1,000 254 21 4,783 
 
3,081 
 J10 1,002 254 21 4,783 
 
3,499 
 146 1,005 254 21 4,783 
 
2,528 
 164 1,008 254 21 4,783 
 
2,456 
 J28 1,001 254 21 4,783 
 
2,590 
 J30 1,000 254 21 4,783 
 
3,417 
 166 1,006 254 21 4,783 
 
2,711 
 J36 1,000 254 21 4,783 
 
3,212 
 170 1,000 254 21 4,783 
 
2,327 
 172 1,001 254 21 4,783 
 
2,539 
 174 1,002 254 21 4,783 
 
2,290 
 J44 1,000 254 21 4,783 
 
2,854 
 176 1,008 254 21 4,783 
 
2,017 
 180 1,011 254 21 4,783 
 
3,139 
 204 1,000 254 21 4,783 
 
5,334 
 J56 1,002 254 21 4,783 
 
2,854 
 222 1,004 254 21 4,783 
 
8,382 
 224 1,000 254 21 4,783 
 
2,807 
 230 1,008 254 21 4,783 
 
3,137 
 J64 1,000 254 21 4,783 
 
2,740 
 J66 1,002 254 21 4,783 
 
2,811 
 
 140 1,005 254 21 4,783 
 
1,401 
 138 1,000 254 21 4,783 
 
2,730 
 236 1,000 254 21 4,783 
 
3,174 
 242 1,007 254 21 4,783 
 
2,851 
 132 1,007 254 21 4,783 
 
3,118 
 246 1,000 254 21 4,783 
 
2,625 
 J80 1,007 254 21 4,783 
 
2,461 
 J82 1,000 254 21 4,783 
 
2,531 
 256 1,001 254 21 4,783 
 
3,734 
 262 1,000 254 21 4,783 
 
2,871 
 J90 1,008 254 21 4,783 
 
2,710 
 J92 1,002 254 21 4,783 
 
2,451 
 158 1,000 254 21 4,783 
 
2,492 
 126 1,000 254 21 4,783 
 
3,107 
 J98 1,000 254 21 4,783 
 
4,188 
  
 Appendix C 
Existing Peak Day Demand + Fireflow at School Pressures 
NODE ELEVATION 
INDOOR 
DMD 
FIREFLOW 
DMD MIN_PRESS Notes 
105 4774 0 0 2 Not a service connection 
129 4752 0 0 12 Not a service connection 
97 4738 0 0 18 Not a service connection 
123 4735 4 0 19 Not a service connection 
196 4732 0 0 20 
 95 4733 0 0 20 
 88 4726 0 0 20 
 93 4724 2 0 23 
 89 4720 0 0 23 
 58 4683 7 0 29 
 102 4709 2 0 31 
 85 4699 0 0 31 
 112 4689 0 0 34 
 91 4683 0 0 36 
 253 4665 0 0 37 
 254 4665 0 0 37 
 92 4690 0 0 37 
 60 4682 10 0 37 
 171 4687 2 0 37 
 199 4662 5 0 38 
 214 4662 0 0 38 
 170 4661 0 0 39 
 118 4661 4 0 40 
 104 4658 1 0 40 
 167 4663 4 0 41 
 121 4673 0 0 42 
 101 4668 2 0 42 
 94 4677 0 0 42 
 248 4660 0 0 43 
 122 4670 0 0 43 
 116 4660 13 0 44 
 57 4649 7 0 44 
 45 4648 0 0 45 
 30 4610 0 8500 46 Node at School 
46 4643 0 0 46 
 210 4643 0 0 46 
 44 4646 6 0 46 
 
 31 4608 18 0 47 
 47 4641 14 0 47 
 43 4652 7 0 47 
 48 4639 0 0 47 
 42 4652 0 0 47 
 90 4652 6 0 48 
 147 4651 0 0 48 
 49 4636 7 0 49 
 192 4641 1 0 49 
 56 4634 0 0 51 
 55 4632 7 0 52 
 120 4656 0 0 53 
 29 4610 0 0 53 
 144 4653 2 0 54 
 28 4610 7 0 54 
 64 4652 3 0 54 
 213 4649 0 0 55 
 166 4649 0 0 55 
 63 4649 0 0 56 
 51 4620 9 0 56 
 50 4620 0 0 56 
 159 4622 2 0 56 
 32 4603 9 0 56 
 25 4617 12 0 57 
 162 4616 2 0 59 
 135 4810 1 0 59 
 14 4620 14 0 61 
 5 4630 2 0 62 
 6 4630 5 0 62 
 158 4609 0 0 62 
 13 4620 12 0 62 
 38 4593 6 0 62 
 81 4783 0 0 62 
 83 4783 2 0 62 
 160 4603 0 0 64 
 12 4620 0 0 64 
 149 4620 0 0 65 
 54 4601 0 0 65 
 53 4600 6 0 65 
 8 4621 0 0 65 
 7 4620 4 0 66 
 
 212 4620 0 0 66 
 11 4620 3 0 66 
 9 4618 3 0 67 
 157 4596 2 0 67 
 161 4596 0 0 67 
 27 4583 9 0 67 
 169 4772 2 0 68 
 200 4772 5 0 68 
 4 4615 0 0 68 
 41 4581 11 0 68 
 82 4771 1 0 69 
 23 4587 0 0 69 
 33 4576 6 0 69 
 133 4774 0 0 69 
 24 4587 5 0 70 
 1 4610 0 0 70 
 3 4610 0 0 70 
 151 4770 2 0 71 
 2 4605 1 0 72 
 26 4570 2 0 73 
 20 4590 0 0 73 
 19 4590 10 0 74 
 16 4590 6 0 75 
 21 4586 0 0 75 
 37 4563 9 0 75 
 17 4587 0 0 76 
 22 4570 3 0 77 
 39 4560 7 0 77 
 10 4593 3 0 78 
 15 4589 5 0 78 
 18 4583 0 0 78 
 35 4556 0 0 78 
 40 4557 2 0 78 
 34 4555 5 0 79 
 36 4551 6 0 80 
 134 4748 0 0 83 
 78 4730 2 0 84 
 156 4731 2 0 85 
 108 4731 0 0 85 
 80 4727 4 0 86 
 75 4723 0 0 87 
 
 145 4725 0 0 87 
 125 4725 5 0 88 
 79 4720 4 0 89 
 109 4722 0 0 89 
 84 4719 6 0 90 
 137 4723 1 0 90 
 128 4746 2 0 91 
 107 4745 5 0 91 
 73 4713 4 0 91 
 74 4712 2 0 91 
 138 4743 0 0 92 
 76 4708 4 0 94 
 77 4707 6 0 95 
 165 4702 10 0 95 
 124 4735 2 0 95 
 136 4711 4 0 95 
 87 4710 0 0 96 
 155 4705 0 0 96 
 150 4700 0 0 96 
 201 4700 0 0 96 
 168 4704 6 0 96 
 132 4709 0 0 96 
 131 4707 2 0 97 
 98 4727 0 0 99 
 172 4727 1 0 99 
 164 4693 0 0 99 
 193 4725 4 0 100 
 70 4695 0 0 100 
 142 4690 8 0 100 
 68 4690 5 0 100 
 111 4695 6 0 101 
 67 4688 0 0 101 
 72 4691 0 0 102 
 71 4690 3 0 102 
 62 4690 5 0 102 
 202 4684 0 0 103 
 86 4690 9 0 103 
 69 4685 3 0 104 
 66 4672 3 0 105 
 61 4682 0 0 106 
 65 4670 0 0 106 
 
 141 4682 0 0 106 
 114 4682 0 0 106 
 163 4676 5 0 107 
 139 4677 0 0 108 
 119 4658 0 0 109 
 59 4675 0 0 110 
 154 4663 0 0 112 
 152 4661 0 0 113 
 115 4665 6 0 113 
 143 4658 8 0 114 
 126 4662 0 0 115 
 117 4662 5 0 115 
 153 4656 10 0 115 
  
 Appendix D 
Existing Peak Hour Demand Pressures 
NODE ELEVATION DEMAND MIN_PRESS Notes: 
105 4774 0 2 Not a service connection 
129 4752 0 12 Not a service connection 
97 4738 0 18 Not a service connection 
123 4735 3 19 Not a service connection 
95 4733 0 20 Not a service connection 
196 4732 0 20 Not a service connection 
88 4726 0 23 Not a service connection 
93 4724 2 24 Connect to high pressure zone to resolve 
89 4720 0 26 Not a service connection 
102 4709 0 30 
 85 4699 0 35 
 92 4690 0 39 
 112 4689 0 39 
 171 4687 0 40 
 58 4683 2 42 
 91 4683 0 42 
 60 4682 9 42 
 94 4677 0 44 
 121 4673 0 46 
 122 4670 0 47 
 101 4668 2 48 
 253 4665 0 49 
 254 4665 0 49 
 167 4663 3 50 
 199 4662 2 51 
 214 4662 0 51 
 170 4661 0 51 
 118 4661 1 51 
 116 4660 4 52 
 248 4660 0 52 
 104 4658 0 52 
 120 4656 0 53 
 144 4653 1 55 
 42 4652 0 55 
 43 4652 2 55 
 90 4652 3 55 
 
 64 4652 7 55 
 147 4651 0 55 
 57 4649 4 56 
 166 4649 0 56 
 213 4649 0 56 
 63 4649 0 56 
 45 4648 0 57 
 44 4646 2 58 
 210 4643 0 59 
 46 4643 0 59 
 47 4641 8 60 
 192 4641 0 60 
 48 4639 0 61 
 49 4636 4 62 
 56 4634 0 63 
 135 4810 0 63 
 55 4632 5 64 
 5 4630 0 65 
 6 4630 1 65 
 159 4622 2 68 
 8 4621 0 68 
 50 4620 0 69 
 51 4620 6 69 
 14 4620 5 69 
 13 4620 6 69 
 7 4620 1 69 
 12 4620 0 69 
 149 4620 0 69 
 212 4620 0 69 
 11 4620 1 69 
 9 4618 1 70 
 25 4617 7 70 
 162 4616 2 71 
 4 4615 0 71 
 81 4783 0 73 
 83 4783 2 73 
 28 4610 4 73 
 29 4610 0 73 
 30 4610 0 73 
 1 4610 0 73 
 
 3 4610 0 73 
 158 4609 0 74 
 31 4608 4 74 
 2 4605 1 75 
 32 4603 7 76 
 160 4603 0 76 
 54 4601 0 77 
 133 4774 6 77 
 53 4600 6 78 
 169 4772 2 78 
 200 4772 2 78 
 82 4771 1 78 
 151 4770 2 79 
 157 4596 2 79 
 161 4596 0 79 
 38 4593 3 81 
 10 4593 1 81 
 16 4590 2 82 
 19 4590 4 82 
 20 4590 0 82 
 15 4589 2 82 
 23 4587 0 83 
 24 4587 2 83 
 17 4587 0 83 
 21 4586 0 84 
 27 4583 5 85 
 18 4583 0 85 
 41 4581 9 86 
 33 4576 3 88 
 134 4748 6 89 
 26 4570 2 90 
 22 4570 1 91 
 128 4746 1 92 
 107 4745 2 92 
 138 4743 0 93 
 37 4563 6 94 
 39 4560 4 95 
 156 4731 2 95 
 108 4731 0 95 
 78 4730 6 95 
 
 40 4557 0 96 
 35 4556 0 97 
 124 4735 0 97 
 80 4727 4 97 
 34 4555 2 97 
 145 4725 0 98 
 125 4725 4 98 
 75 4723 0 99 
 36 4551 2 99 
 137 4723 1 99 
 109 4722 0 99 
 79 4720 4 100 
 98 4727 0 100 
 172 4727 0 100 
 84 4719 5 100 
 193 4725 3 101 
 73 4713 4 103 
 74 4712 2 103 
 136 4711 4 104 
 87 4710 0 105 
 76 4708 4 105 
 132 4709 0 105 
 77 4707 5 106 
 131 4707 1 106 
 155 4705 0 106 
 168 4704 5 107 
 165 4702 8 108 
 150 4700 0 108 
 201 4700 0 108 
 70 4695 0 111 
 111 4695 5 111 
 164 4693 0 111 
 72 4691 0 112 
 142 4690 7 113 
 68 4690 4 113 
 71 4690 4 113 
 62 4690 4 113 
 86 4690 7 113 
 67 4688 0 114 
 69 4685 3 115 
 
 202 4684 0 115 
 61 4682 0 116 
 114 4682 0 116 
 141 4682 0 116 
 139 4677 0 119 
 163 4676 4 119 
 59 4675 0 120 
 66 4672 3 121 
 65 4670 0 121 
 115 4665 5 124 
 154 4663 0 124 
 126 4662 0 125 
 117 4662 4 125 
 152 4661 0 125 
 119 4658 0 127 
 143 4658 7 127 
 153 4656 9 127 
 
 Appendix E 
10 Year Future Peak Day Demand Pressures 
NODE 
INDOOR 
DMD 
OUTDOOR 
DMD MIN_PRESS Comments 
105 0.00 0.00 2.17 Not a service connection - below tank 
129 0.00 0.00 11.67 Not a service connection - below tank 
97 0.00 0.00 17.87 Not a service connection - below tank 
123 4.00 5.89 19.33 Not a service connection - below tank 
95 0.00 0.00 20.15 Not a service connection - below tank 
196 0.00 0.00 20.90 Not a service connection - below tank 
93 2.40 3.93 24.66 Not a service connection - below tank 
102 1.60 0.00 31.32 Not a service connection - below tank 
88 0.00 0.00 32.41 Not a service connection - below tank 
89 0.00 0.00 35.01 Not a service connection - below tank 
92 0.00 0.00 40.94 
 171 2.40 0.00 41.86 
 85 0.00 0.00 44.11 
 91 0.00 0.00 46.29 
 94 0.00 0.00 46.57 
 112 0.00 0.00 48.44 
 244 5.07 16.87 48.89 
 121 0.00 0.00 48.93 
 122 0.00 0.00 50.27 
 236 5.07 16.87 51.10 
 60 9.60 23.56 51.48 
 101 2.40 3.93 53.09 
 237 5.07 16.87 53.48 
 167 4.00 7.85 56.12 
 238 5.07 16.87 56.12 
 248 0.00 0.00 56.90 
 249 13.12 43.63 56.90 
 170 0.00 0.00 59.04 
 239 5.07 16.87 59.06 
 135 0.80 0.00 59.12 
 90 5.60 7.85 59.40 
 147 0.00 0.00 59.95 
 104 0.80 0.00 60.50 
 118 4.00 0.00 60.91 
 116 12.80 5.89 60.98 
 235 5.07 16.87 61.88 
 120 0.00 0.00 62.67 
 
 57 7.20 9.82 63.66 
 144 2.40 1.96 63.97 
 243 5.07 16.87 64.00 
 64 3.20 21.36 64.40 
 42 0.00 0.00 64.45 
 43 7.20 1.96 64.48 
 247 0.00 0.00 65.47 
 63 0.00 0.00 65.70 
 166 0.00 0.00 65.70 
 211 0.00 0.00 65.70 
 213 0.00 0.00 65.70 
 245 5.07 16.87 66.00 
 192 0.80 0.00 66.31 
 240 5.07 16.87 66.45 
 45 0.00 0.00 66.54 
 81 0.00 0.00 66.72 
 83 1.60 3.93 66.79 
 241 5.07 16.87 66.92 
 44 5.60 1.96 67.22 
 242 5.07 16.87 67.48 
 48 0.00 0.00 69.48 
 47 13.60 17.67 69.61 
 56 0.00 0.00 69.99 
 49 7.20 9.82 70.81 
 55 7.20 11.78 70.85 
 46 0.00 0.00 71.95 
 169 1.60 3.93 72.00 
 200 5.04 1.96 72.11 
 133 5.07 16.87 72.34 
 82 0.80 1.96 72.93 
 151 1.60 3.93 73.71 
 5 2.40 0.00 73.93 
 6 4.80 0.00 73.93 
 159 1.60 3.93 75.22 
 50 0.00 0.00 76.39 
 51 8.80 13.74 77.13 
 162 1.60 3.93 77.82 
 8 0.00 0.00 77.83 
 7 4.00 0.00 78.26 
 212 0.00 0.00 78.26 
 11 3.20 1.96 78.27 
 
 12 0.00 0.00 78.27 
 149 0.00 0.00 78.27 
 13 12.00 11.78 78.29 
 14 13.60 7.85 78.30 
 210 0.00 0.00 78.58 
 9 3.20 0.00 79.13 
 25 12.00 13.74 79.58 
 187 5.07 16.87 79.94 
 4 0.00 0.00 80.43 
 158 0.00 0.00 81.02 
 30 0.00 0.00 82.29 
 29 0.00 0.00 82.45 
 28 7.20 9.82 82.46 
 1 0.00 0.00 82.60 
 3 0.00 0.00 82.60 
 31 18.00 1.77 83.15 
 160 0.00 0.00 83.62 
 2 0.80 1.96 84.76 
 54 0.00 0.00 84.79 
 32 8.96 18.08 85.13 
 53 6.40 15.71 85.26 
 134 5.07 16.87 85.98 
 157 1.60 3.93 86.82 
 161 0.00 0.00 86.82 
 128 1.60 1.96 87.87 
 108 0.00 0.00 88.17 
 156 1.60 3.93 88.18 
 107 4.80 3.93 88.30 
 78 2.40 17.14 88.79 
 138 0.00 0.00 89.17 
 38 5.60 7.85 89.24 
 10 3.20 0.00 89.95 
 80 4.00 9.82 90.30 
 125 4.80 11.78 90.59 
 145 0.00 0.00 90.95 
 16 6.40 1.96 91.26 
 19 10.40 7.85 91.29 
 20 0.00 0.00 91.29 
 15 4.80 1.96 91.69 
 75 0.00 0.00 91.82 
 109 0.00 0.00 91.93 
 
 23 0.00 0.00 92.53 
 24 4.80 3.93 92.54 
 17 0.00 0.00 92.56 
 124 2.40 0.00 92.63 
 137 0.80 1.96 92.86 
 21 0.00 0.00 93.02 
 79 4.00 9.82 93.17 
 84 5.60 13.74 93.17 
 58 7.20 1.96 93.93 
 205 0.00 0.00 93.93 
 27 8.80 9.82 94.10 
 18 0.00 0.00 94.29 
 41 11.20 23.56 94.29 
 98 0.00 0.00 96.10 
 172 0.80 0.00 96.10 
 73 4.00 9.82 96.14 
 74 2.40 5.89 96.57 
 33 5.60 5.89 96.85 
 193 4.00 5.89 96.97 
 136 4.00 9.82 98.06 
 76 4.00 9.82 98.34 
 214 0.00 0.00 98.34 
 87 0.00 0.00 98.49 
 77 5.60 13.74 98.84 
 132 0.00 0.00 99.06 
 155 0.00 0.00 99.24 
 26 2.40 3.93 99.46 
 168 5.60 13.74 99.76 
 22 3.20 1.96 99.90 
 131 2.40 1.96 99.98 
 253 0.00 0.00 100.00 
 199 5.04 1.96 100.60 
 165 9.60 21.60 100.86 
 150 0.00 0.00 101.72 
 201 0.00 0.00 101.72 
 254 0.00 0.00 101.81 
 37 8.80 15.71 102.37 
 191 5.07 16.87 102.51 
 198 0.00 0.00 102.52 
 111 5.60 13.74 102.89 
 39 7.20 9.82 103.43 
 
 70 0.00 0.00 103.92 
 40 1.60 0.00 104.73 
 164 0.00 0.00 104.76 
 86 8.80 17.67 104.87 
 35 0.00 0.00 105.42 
 72 0.00 0.00 105.58 
 62 4.80 11.78 105.69 
 34 4.80 3.93 105.93 
 71 3.20 10.89 106.03 
 142 8.00 17.67 106.06 
 68 4.80 11.78 106.08 
 67 0.00 0.00 106.93 
 36 5.60 3.93 107.59 
 114 0.00 0.00 107.62 
 59 0.00 0.00 108.05 
 141 0.00 0.00 108.08 
 69 3.20 7.85 108.25 
 202 0.00 0.00 108.66 
 61 0.00 0.00 108.96 
 188 5.07 16.87 109.60 
 139 0.00 0.00 111.12 
 163 4.80 11.78 112.12 
 117 4.80 11.78 113.68 
 175 0.00 0.00 113.78 
 197 8.12 27.01 113.78 
 207 8.12 27.01 113.78 
 208 8.12 27.01 113.78 
 206 8.12 27.01 113.79 
 66 3.20 7.85 113.87 
 189 5.07 16.87 114.20 
 176 8.12 27.01 114.21 
 65 0.00 0.00 114.74 
 115 5.60 13.74 116.31 
 252 0.00 0.00 116.46 
 126 0.00 0.00 116.75 
 190 5.07 16.87 116.88 
 154 0.00 0.00 117.76 
 152 0.00 0.00 118.62 
 177 8.12 27.01 118.98 
 246 8.12 27.01 119.40 
 143 8.00 19.63 119.92 
 
 119 0.00 0.00 119.94 
 203 5.07 16.87 120.26 
 153 9.60 23.56 120.79 
 204 5.07 16.87 125.11 
  
 
 Appendix F 
10 Year Future Peak Day Demand + Fireflow Pressures 
 
ID 
Total 
Demand 
(gpm) 
Critical 
Node 1 ID 
Critical 
Node 1 
Pressure 
(psi) 
Critical 
Node 1 
Head (ft) 
Adjusted 
Fire-Flow 
(gpm) 
Available 
Flow at 
Hydrant 
(gpm) Notes: 
44 1,000 44 -4,805 -6,506 142 142 No Hydrant Here 
50 1,000 50 -424 3,608 445 445 No Hydrant Here 
18 1,001 18 -39 4,539 786 786 No Hydrant Here 
240 1,009 240 26 4,721 1,048 1,048 
 194 1,003 194 33 4,801 1,142 1,141 
 238 1,008 238 34 4,743 1,090 1,090 
 J96 1,001 194 36 4,806 1,305 1,440 
 250 1,000 194 37 4,809 1,483 1,460 
 252 1,000 194 37 4,809 1,492 1,490 
 188 1,006 194 38 4,813 1,803 1,669 
 J48 1,000 194 39 4,813 1,832 1,682 
 190 1,000 194 39 4,814 6,222 5,440 
 210 1,003 194 39 4,815 6,388 6,012 
 J252 1,000 194 40 4,816 6,556 6,242 
 186 1,000 184 40 4,818 6,051 6,834 
 184 1,000 184 40 4,818 4,576 4,378 
 J188 1,005 194 40 4,816 2,381 1,816 
 178 1,000 184 40 4,819 5,252 7,201 
 128 1,014 184 41 4,820 5,824 8,161 
 232 1,000 184 41 4,820 5,810 2,653 
 J138 1,000 194 41 4,818 7,060 7,073 
 94 1,004 184 41 4,821 7,102 9,893 
 92 1,000 184 41 4,821 7,394 5,253 
 118 1,008 194 41 4,819 7,316 7,813 
 34 1,011 184 41 4,822 7,805 8,116 
 120 1,000 194 41 4,820 7,207 7,177 
 32 1,000 184 41 4,822 8,458 7,015 
 J52 1,000 184 41 4,822 8,463 6,686 
 136 1,010 184 41 4,822 10,492 3,603 
 30 1,002 184 41 4,822 9,406 5,969 
 248 1,000 184 41 4,822 10,572 4,974 
 134 1,000 184 41 4,822 10,482 5,098 
 
 J42 1,002 184 41 4,822 10,484 3,527 
 26 1,002 184 41 4,822 8,560 4,804 
 36 1,010 184 41 4,822 7,523 10,566 
 J86 1,000 184 41 4,822 10,482 3,812 
 22 1,002 184 41 4,822 8,583 4,620 
 24 1,000 184 41 4,822 8,574 4,675 
 J178 1,000 184 41 4,822 8,530 2,358 
 20 1,002 184 41 4,822 8,493 1,730 
 16 1,000 184 41 4,822 8,491 2,101 
 14 1,000 184 41 4,822 8,480 2,232 
 10 1,000 184 41 4,822 8,466 2,345 
 12 1,001 184 41 4,822 8,453 2,545 
 28 1,002 184 41 4,822 8,419 4,148 
 J268 1,000 184 41 4,822 8,294 5,000 
 J72 1,002 194 41 4,820 7,407 6,684 
 J78 1,002 194 41 4,820 7,407 5,436 
 J150 1,000 184 41 4,822 8,173 5,710 
 38 1,003 184 41 4,822 7,971 6,418 
 J104 1,000 184 41 4,822 8,059 5,530 
 J148 1,015 184 41 4,822 8,058 5,631 
 J170 1,015 184 41 4,822 8,011 7,724 
 40 1,004 184 41 4,822 7,847 7,300 
 J168 1,015 184 41 4,822 7,840 9,280 
 42 1,000 184 41 4,822 7,779 5,640 
 J266 1,000 184 41 4,822 7,734 8,786 
 46 1,008 184 41 4,822 7,742 10,108 
 J166 1,015 184 42 4,822 7,801 10,518 
 J106 1,015 184 42 4,822 7,823 8,681 
 J108 1,015 184 42 4,822 7,820 9,825 
 J70 1,000 194 42 4,820 7,483 5,665 
 J74 1,000 194 42 4,820 7,483 4,423 
 J248 1,015 184 42 4,822 7,837 6,326 
 48 1,000 184 42 4,822 7,791 5,512 
 J68 1,002 194 42 4,820 7,558 6,266 
 J76 1,000 194 42 4,820 7,555 3,995 
 52 1,002 184 42 4,822 7,834 5,842 
 56 1,004 184 42 4,822 7,819 7,686 
 116 1,000 194 42 4,820 7,743 8,527 
 54 1,000 184 42 4,822 7,835 7,341 
 58 1,012 184 42 4,822 7,794 9,089 
 
 114 1,009 194 42 4,820 7,779 8,565 
 122 1,008 194 42 4,820 6,009 5,383 
 244 1,002 184 42 4,823 7,764 1,803 
 96 1,004 184 42 4,823 7,765 8,802 
 98 1,000 184 42 4,823 7,762 2,226 
 60 1,003 184 42 4,823 8,120 3,760 
 62 1,008 184 42 4,823 8,126 5,379 
 64 1,008 184 42 4,823 8,174 7,862 
 66 1,000 184 42 4,823 8,196 7,855 
 J94 1,000 194 42 4,821 6,870 4,172 
 68 1,000 184 42 4,823 8,376 7,180 
 70 1,010 184 42 4,823 8,386 1,544 
 110 1,010 194 42 4,821 8,118 7,453 
 74 1,005 184 42 4,823 8,532 5,863 
 76 1,004 184 42 4,823 8,658 4,467 
 80 1,004 184 42 4,823 8,694 2,583 
 78 1,000 184 42 4,823 8,690 5,266 
 216 1,000 194 42 4,822 7,068 4,280 
 82 1,011 184 42 4,824 8,742 6,455 
 72 1,012 184 42 4,824 8,684 8,114 
 88 1,001 184 42 4,824 8,764 4,327 
 86 1,008 184 42 4,824 8,771 5,319 
 84 1,006 184 42 4,824 8,861 7,041 
 90 1,015 184 42 4,824 9,003 5,980 
 108 1,000 184 42 4,824 9,166 3,932 
 104 1,000 184 42 4,824 9,069 7,666 
 106 1,008 184 42 4,824 9,039 8,476 
 102 1,014 184 43 4,825 8,430 8,918 
 100 1,000 184 46 4,831 9,003 6,206 
 J244 1,009 J244 49 4,938 2,822 2,809 
 J228 1,009 J244 50 4,940 3,093 3,106 
 J242 1,009 J244 50 4,940 3,107 3,688 
 J226 1,009 J244 50 4,941 3,203 3,764 
 J246 1,009 J244 50 4,941 3,218 3,710 
 174 1,002 J244 50 4,941 3,288 4,079 
 J230 1,009 J244 50 4,941 3,291 3,308 
 J236 1,009 J244 50 4,941 3,326 4,060 
 170 1,000 J244 50 4,941 3,327 4,146 
 J92 1,002 J244 51 4,942 3,368 4,412 
 J154 1,003 J244 51 4,942 3,391 4,411 
 
 168 1,006 J244 51 4,942 3,388 5,121 
 166 1,006 J244 51 4,942 3,396 4,117 
 162 1,008 J244 51 4,942 3,400 5,430 
 164 1,008 J244 51 4,942 3,400 3,448 
 158 1,000 J244 51 4,942 3,392 3,491 
 156 1,004 J244 51 4,942 3,397 3,609 
 154 1,006 J244 51 4,942 3,399 2,607 
 160 1,006 J244 51 4,942 3,400 5,128 
 J84 1,013 J244 51 4,942 3,409 3,024 
 246 1,000 J244 51 4,942 3,396 3,376 
 144 1,007 J244 51 4,942 3,403 4,516 
 J38 1,011 J244 51 4,942 3,407 3,638 
 J156 1,000 J244 51 4,942 3,396 3,204 
 J80 1,007 J244 51 4,942 3,403 3,114 
 J58 1,000 J244 51 4,942 3,396 3,411 
 J82 1,000 J244 51 4,942 3,396 3,362 
 J62 1,000 J244 51 4,942 3,396 3,523 
 J60 1,014 J244 51 4,942 3,410 3,214 
 142 1,000 J244 51 4,942 3,396 3,938 
 J54 1,000 J244 51 4,942 3,396 3,157 
 J158 1,000 J244 51 4,942 3,396 3,260 
 140 1,005 J244 51 4,942 3,401 1,491 
 138 1,000 J244 51 4,942 3,396 3,680 
 J40 1,012 J244 51 4,942 3,408 3,309 
 146 1,005 J244 51 4,942 3,402 3,293 
 148 1,000 J244 51 4,942 3,397 5,455 
 150 1,006 J244 51 4,942 3,407 5,600 
 152 1,000 J244 51 4,942 3,402 5,595 
 J44 1,000 J244 51 4,942 3,405 4,726 
 132 1,007 J244 51 4,942 3,422 5,441 
 J66 1,002 J244 51 4,942 3,420 4,616 
 224 1,000 J244 51 4,942 3,419 4,607 
 176 1,008 J244 51 4,942 3,424 2,416 
 J64 1,000 J244 51 4,942 3,416 3,961 
 J90 1,008 J244 51 4,942 3,426 3,848 
 130 1,000 J244 51 4,942 3,421 5,478 
 J32 1,000 J244 51 4,942 3,421 3,798 
 260 1,007 J244 51 4,942 3,458 4,929 
 172 1,001 J244 51 4,942 3,459 4,528 
 262 1,000 J244 51 4,942 3,451 3,877 
 
 J36 1,000 J244 51 4,942 3,451 6,135 
 230 1,008 J244 51 4,942 3,464 5,775 
 236 1,000 J244 51 4,942 3,455 5,963 
 226 1,000 J244 51 4,942 3,457 4,885 
 J232 1,009 J244 51 4,942 3,469 3,522 
 J238 1,009 J244 51 4,942 3,472 4,188 
 J174 1,000 184 51 4,843 9,957 5,032 
 126 1,000 J244 51 4,942 3,467 6,353 
 242 1,007 J244 51 4,942 3,474 3,950 
 J164 1,000 J244 51 4,942 5,181 2,594 
 124 1,004 J244 51 4,942 5,186 2,787 
 J262 1,000 J244 51 4,942 5,181 4,931 
 J182 1,000 J244 51 4,942 5,471 4,587 
 J152 1,003 J244 51 4,942 5,344 4,733 
 180 1,011 J244 51 4,942 3,488 6,142 
 182 1,000 J244 51 4,942 3,488 5,860 
 J28 1,001 J244 51 4,942 3,489 3,520 
 J26 1,006 J244 51 4,942 3,494 4,488 
 J18 1,000 J244 51 4,942 3,493 6,148 
 J16 1,002 J244 51 4,942 3,498 6,214 
 J56 1,002 J244 51 4,943 3,567 4,773 
 J240 1,009 J244 51 4,943 3,632 4,233 
 J234 1,009 J244 51 4,943 3,689 3,867 
 J20 1,009 J244 51 4,943 3,674 4,860 
 J24 1,000 J244 53 4,947 4,544 4,779 
 J22 1,009 J244 53 4,947 4,605 6,780 
 J128 1,009 J244 53 4,947 4,614 6,410 
 J136 1,009 J244 53 4,947 4,667 5,452 
 J162 1,009 J244 53 4,947 4,689 3,544 
 J134 1,009 J244 53 4,947 4,689 5,953 
 J130 1,009 J244 53 4,948 4,703 9,273 
 J132 1,009 J244 53 4,948 4,838 9,812 
 J160 1,009 J244 53 4,948 4,838 4,388 
 J250 1,000 J244 54 4,949 5,215 3,035 
 J140 1,004 J244 54 4,949 5,220 5,238 
 J260 1,000 J244 54 4,949 5,215 3,397 
 204 1,000 J244 54 4,949 5,215 5,085 
 222 1,004 J244 54 4,949 5,219 7,882 
 
 Appendix G 
10 Year Future Peak Day Demand + Fireflow at School 
Pressures 
 
NODE ELEVATION 
INDOOR 
DMD 
OUTDOOR 
DMD MIN_PRESS Comment 
105 4774 0 0 3 Not a service connection 
129 4752 0 0 12 Not a service connection 
97 4738 0 0 18 Not a service connection 
123 4735 4 6 19 Not a service connection 
95 4733 0 0 20 
 196 4732 0 0 20 
 93 4724 2 4 24 
 88 4726 0 0 24 
 89 4720 0 0 27 
 102 4709 2 0 30 
 85 4699 0 0 35 
 92 4690 0 0 37 
 112 4689 0 0 38 
 91 4683 0 0 39 
 171 4687 2 0 39 
 60 4682 10 24 41 
 94 4677 0 0 43 
 244 4825 5 17 44 
 121 4673 0 0 44 
 101 4668 2 4 45 
 122 4670 0 0 46 
 236 4820 5 17 46 
 170 4661 0 0 47 
 167 4663 4 8 47 
 104 4658 1 0 48 
 118 4661 4 0 48 
 237 4815 5 17 48 
 248 4660 0 0 48 
 249 4660 13 44 48 
 116 4660 13 6 50 
 238 4810 5 17 51 
 57 4649 7 10 52 
 90 4652 6 8 53 
 147 4651 0 0 53 
 
 43 4652 7 2 53 
 42 4652 0 0 53 
 120 4656 0 0 53 
 45 4648 0 0 54 
 144 4653 2 2 54 
 30 4610 0 0 54 Node at school 
44 4646 6 2 55 
 64 4652 3 21 55 
 239 4805 5 17 55 
 31 4608 18 2 55 
 211 4649 0 0 56 
 213 4649 0 0 56 
 166 4649 0 0 56 
 192 4641 1 0 56 
 63 4649 0 0 56 
 48 4639 0 0 56 
 135 4810 1 0 56 
 235 4795 5 17 57 
 47 4641 14 18 57 
 49 4636 7 10 57 
 56 4634 0 0 59 
 243 4790 5 17 59 
 46 4643 0 0 59 
 55 4632 7 12 60 
 245 4785 5 17 61 
 81 4783 0 0 61 
 83 4783 2 4 61 
 240 4785 5 17 61 
 29 4610 0 0 62 
 241 4785 5 17 62 
 28 4610 7 10 62 
 242 4785 5 17 63 
 5 4630 2 0 63 
 6 4630 5 0 64 
 159 4622 2 4 64 
 50 4620 0 0 64 
 51 4620 9 14 64 
 32 4603 9 18 65 
 25 4617 12 14 65 
 247 4668 0 0 65 
 162 4616 2 4 66 
 
 14 4620 14 8 67 
 210 4643 0 0 67 
 169 4772 2 4 67 
 13 4620 12 12 67 
 200 4772 5 2 67 
 8 4621 0 0 67 
 12 4620 0 0 67 
 149 4620 0 0 67 
 7 4620 4 0 68 
 212 4620 0 0 68 
 11 4620 3 2 68 
 133 4774 5 17 68 
 82 4771 1 2 68 
 9 4618 3 0 68 
 151 4770 2 4 69 
 158 4609 0 0 69 
 4 4615 0 0 70 
 38 4593 6 8 71 
 160 4603 0 0 72 
 1 4610 0 0 72 
 3 4610 0 0 72 
 54 4601 0 0 73 
 53 4600 6 16 73 
 2 4605 1 2 74 
 157 4596 2 4 75 
 161 4596 0 0 75 
 27 4583 9 10 76 
 41 4581 11 24 77 
 187 4762 5 17 77 
 23 4587 0 0 78 
 24 4587 5 4 78 
 33 4576 6 6 78 
 10 4593 3 0 79 
 20 4590 0 0 79 
 19 4590 10 8 80 
 16 4590 6 2 80 
 15 4589 5 2 80 
 17 4587 0 0 81 
 21 4586 0 0 81 
 26 4570 2 4 81 
 78 4730 2 17 82 
 
 108 4731 0 0 82 
 156 4731 2 4 82 
 18 4583 0 0 83 
 134 4748 5 17 83 
 37 4563 9 16 84 
 80 4727 4 10 84 
 125 4725 5 12 84 
 145 4725 0 0 85 
 75 4723 0 0 85 
 39 4560 7 10 86 
 128 4746 2 2 86 
 109 4722 0 0 86 
 58 4683 7 2 86 
 205 4683 0 0 86 
 107 4745 5 4 86 
 79 4720 4 10 86 
 84 4719 6 14 87 
 35 4556 0 0 87 
 40 4557 2 0 87 
 138 4743 0 0 87 
 34 4555 5 4 87 
 137 4723 1 2 88 
 22 4570 3 2 88 
 36 4551 6 4 89 
 73 4713 4 10 89 
 74 4712 2 6 89 
 214 4662 0 0 90 
 124 4735 2 0 90 
 198 4564 0 0 91 
 76 4708 4 10 92 
 253 4665 0 0 92 
 199 4662 5 2 92 
 77 4707 6 14 92 
 155 4705 0 0 93 
 136 4711 4 10 93 
 168 4704 6 14 93 
 87 4710 0 0 93 
 165 4702 10 22 94 
 254 4665 0 0 94 
 98 4727 0 0 94 
 172 4727 1 0 94 
 
 132 4709 0 0 94 
 150 4700 0 0 94 
 201 4700 0 0 94 
 193 4725 4 6 95 
 131 4707 2 2 95 
 111 4695 6 14 97 
 70 4695 0 0 97 
 164 4693 0 0 97 
 142 4690 8 18 99 
 68 4690 5 12 99 
 86 4690 9 18 99 
 72 4691 0 0 99 
 62 4690 5 12 99 
 71 4690 3 11 99 
 67 4688 0 0 100 
 191 4710 5 17 100 
 114 4682 0 0 101 
 202 4684 0 0 101 
 59 4675 0 0 101 
 69 4685 3 8 101 
 141 4682 0 0 102 
 206 4538 8 27 102 
 207 4538 8 27 102 
 197 4538 8 27 102 
 61 4682 0 0 102 
 208 4538 8 27 102 
 175 4538 0 0 102 
 176 4537 8 27 103 
 139 4677 0 0 105 
 163 4676 5 12 105 
 66 4672 3 8 105 
 65 4670 0 0 106 
 188 4694 5 17 107 
 117 4662 5 12 107 
 177 4526 8 27 107 
 246 4525 8 27 108 
 115 4665 6 14 110 
 126 4662 0 0 110 
 154 4663 0 0 110 
 119 4658 0 0 111 
 152 4661 0 0 111 
 
 189 4684 5 17 112 
 143 4658 8 20 113 
 153 4656 10 24 113 
 190 4677 5 17 114 
 252 4680 0 0 114 
 203 4670 5 17 118 
 204 4658 5 17 122 
 
 Appendix H 
10 Year Future Peak Hour Demand Pressures 
 
NODE ELEVATION 
INDOOR 
DMD 
OUTDOOR 
DMD 
MIN_PRESS Notes 
105 4774 0 0 2 Not a service connection 
129 4752 0 0 12 Not a service connection 
97 4738 0 0 18 Not a service connection 
123 4735 4 6 19 Not a service connection 
95 4733 0 0 20 Not a service connection 
196 4732 0 0 20 Not a service connection 
93 4724 2 4 24 Not a service connection 
88 4726 0 0 26 Not a service connection 
89 4720 0 0 29 Not a service connection 
102 4709 2 0 31 
 85 4699 0 0 38 
 92 4690 0 0 39 
 171 4687 2 0 40 
 112 4689 0 0 42 
 91 4683 0 0 43 
 244 4825 5 17 44 
 94 4677 0 0 45 
 60 4682 10 24 45 
 236 4820 5 17 46 
 121 4673 0 0 47 
 122 4670 0 0 48 
 237 4815 5 17 49 
 101 4668 2 4 50 
 238 4810 5 17 52 
 167 4663 4 8 52 
 249 4660 13 44 53 
 248 4660 0 0 53 
 170 4661 0 0 54 
 116 4660 13 6 55 
 118 4661 4 0 55 
 239 4805 5 17 55 
 104 4658 1 0 55 
 135 4810 1 0 56 
 90 4652 6 8 56 
 
 120 4656 0 0 57 
 147 4651 0 0 57 
 235 4795 5 17 57 
 144 4653 2 2 58 
 64 4652 3 21 58 
 42 4652 0 0 58 
 43 4652 7 2 58 
 57 4649 7 10 59 
 243 4790 5 17 59 
 63 4649 0 0 60 
 166 4649 0 0 60 
 211 4649 0 0 60 
 213 4649 0 0 60 
 45 4648 0 0 61 
 245 4785 5 17 61 
 44 4646 6 2 61 
 240 4785 5 17 62 
 81 4783 0 0 62 
 192 4641 1 0 62 
 83 4783 2 4 62 
 241 4785 5 17 62 
 242 4785 5 17 63 
 47 4641 14 18 64 
 48 4639 0 0 64 
 49 4636 7 10 65 
 56 4634 0 0 65 
 247 4668 0 0 65 
 46 4643 0 0 66 
 55 4632 7 12 66 
 169 4772 2 4 67 
 200 4772 5 2 68 
 5 4630 2 0 68 
 6 4630 5 0 68 
 133 4774 5 17 68 
 82 4771 1 2 68 
 151 4770 2 4 69 
 159 4622 2 4 70 
 50 4620 0 0 71 
 8 4621 0 0 72 
 51 4620 9 14 72 
 
 7 4620 4 0 72 
 11 4620 3 2 72 
 212 4620 0 0 72 
 149 4620 0 0 72 
 12 4620 0 0 72 
 13 4620 12 12 72 
 14 4620 14 8 72 
 210 4643 0 0 73 
 9 4618 3 0 73 
 162 4616 2 4 73 
 25 4617 12 14 74 
 4 4615 0 0 74 
 158 4609 0 0 76 
 1 4610 0 0 76 
 3 4610 0 0 76 
 30 4610 0 0 76 
 28 4610 7 10 77 
 29 4610 0 0 77 
 187 4762 5 17 77 
 31 4608 18 2 77 
 2 4605 1 2 79 
 160 4603 0 0 79 
 32 4603 9 18 79 
 54 4601 0 0 80 
 53 4600 6 16 80 
 157 4596 2 4 82 
 161 4596 0 0 82 
 134 4748 5 17 83 
 108 4731 0 0 83 
 156 4731 2 4 83 
 38 4593 6 8 84 
 78 4730 2 17 84 
 10 4593 3 0 84 
 16 4590 6 2 85 
 19 4590 10 8 85 
 20 4590 0 0 85 
 80 4727 4 10 85 
 128 4746 2 2 85 
 15 4589 5 2 86 
 125 4725 5 12 86 
 
 107 4745 5 4 86 
 145 4725 0 0 86 
 17 4587 0 0 86 
 23 4587 0 0 86 
 24 4587 5 4 86 
 138 4743 0 0 87 
 75 4723 0 0 87 
 21 4586 0 0 87 
 109 4722 0 0 87 
 79 4720 4 10 88 
 84 4719 6 14 88 
 18 4583 0 0 88 
 27 4583 9 10 88 
 137 4723 1 2 88 
 58 4683 7 2 89 
 205 4683 0 0 89 
 41 4581 11 24 89 
 124 4735 2 0 90 
 73 4713 4 10 91 
 33 4576 6 6 91 
 74 4712 2 6 91 
 26 4570 2 4 93 
 214 4662 0 0 93 
 76 4708 4 10 93 
 172 4727 1 0 93 
 98 4727 0 0 93 
 136 4711 4 10 94 
 22 4570 3 2 94 
 77 4707 6 14 94 
 87 4710 0 0 94 
 155 4705 0 0 94 
 193 4725 4 6 94 
 132 4709 0 0 95 
 168 4704 6 14 95 
 253 4665 0 0 95 
 199 4662 5 2 95 
 131 4707 2 2 95 
 165 4702 10 22 96 
 198 4564 0 0 96 
 150 4700 0 0 96 
 
 201 4700 0 0 96 
 254 4665 0 0 97 
 37 4563 9 16 97 
 39 4560 7 10 98 
 111 4695 6 14 98 
 70 4695 0 0 99 
 40 4557 2 0 99 
 191 4710 5 17 99 
 164 4693 0 0 100 
 35 4556 0 0 100 
 86 4690 9 18 100 
 34 4555 5 4 100 
 72 4691 0 0 100 
 62 4690 5 12 101 
 142 4690 8 18 101 
 71 4690 3 11 101 
 68 4690 5 12 101 
 67 4688 0 0 102 
 36 4551 6 4 102 
 114 4682 0 0 103 
 59 4675 0 0 103 
 141 4682 0 0 103 
 69 4685 3 8 103 
 202 4684 0 0 103 
 61 4682 0 0 104 
 139 4677 0 0 106 
 188 4694 5 17 107 
 163 4676 5 12 107 
 197 4538 8 27 108 
 175 4538 0 0 108 
 207 4538 8 27 108 
 208 4538 8 27 108 
 206 4538 8 27 108 
 176 4537 8 27 108 
 117 4662 5 12 109 
 66 4672 3 8 109 
 65 4670 0 0 110 
 115 4665 6 14 111 
 189 4684 5 17 111 
 126 4662 0 0 112 
 
 154 4663 0 0 113 
 177 4526 8 27 113 
 246 4525 8 27 113 
 152 4661 0 0 113 
 190 4677 5 17 114 
 252 4680 0 0 114 
 143 4658 8 20 115 
 119 4658 0 0 115 
 153 4656 10 24 116 
 203 4670 5 17 117 
 204 4658 5 17 122 
  
 
